AB S T R A C T
INTRODUCTION
Human lymphocytes with easily detectable surface immunoglobulin can be divided into two populations by direct immtunofluorescence: those with "membrane-stable" Ig determinants anid aln even larger ntlmber wvith "membranie-labile" IgG determinants. Wlhen lymplhocytes were preinicubated and washed at 37°C before stainingi, the number of IgG-bearing cells found was significantly less than when cells were prepared at 250 or 4°C (1) . These studies suggested two separate populations of Ig-beariing lymnphocytes: B cells and others with coldreactive Fc receptors for cytophilic IgG.
In 1960 Bovden and Sorkin first observed that sertum alntibodies fixed to the sturface of normnal spleeni cells wN-itlhout first combininig vith antigen, and created the termn "cytophilic" aintibodies (2) . In 1966 Berken and Beniacerraf founld that Ig cytophilic for mouse macroplhages wvas restricted to certain subclasses and that the binding site wsas for the Fc fragment (3) . Subsequently others have reported the attachment of IgG to Fc receptors on hlumnan monocytes (4-6), neutrophils (6, 7), l-mpihocytes (6, 8) , anid other cells (9) . This report focuses on the newly described lymphocyte pop)ulation witlh membrane-labile IgG-determinants. We will examine somiie propeerties of ' a pro(luct s-nthesized by the cell which carries it, aind . distinguished fromii extelnal IgG which hlas become attached to the miiemiibr-ane." T lymphocytes in cointrast lack Sl Ig and miiost form rosettes with sheep ery-throcytes (10 Lymphocyte separation procedure. Lymphocytes were obtained by density gradient centrifugation of heparinized blood as described previously (1) (yield 60-85%). To remove adsorbed serum proteins, the isolated cells were routinely incubated at 37°C for 30 min and washed twice (centrifugation 200 g for 10 min) in warm minimal essential medium (MEM, Grand Island Biological Co., Grand Island, N. Y.). The cells were divided into three portions: two were used for membrane immunofluorescence and one for quantitation of E-rosette-forming lymphocytes (E-RFC).
Membrane immu wi lwnoflutorescenice. Procedures for immunofluorescent staining have been described previously (1, 11) . In brief, polyvalent FITC antiserum to human immunoglobulins was added to one portion of cells routinely pretreated at 37°C to remove external surface protein, and incubated at 4°C for 30 min. The cells were washed at 4°C, and the cell suspension was kept on ice until read. Ig-positive cells observed by this procedure were considered to have membrane-stable Ig determinants (Sm Ig). Normal human serum (NHS) or IgG was added to a second portion of cells and incubated at 4°C for 30 min. These cells were washed twice with cold medium and then stained at 4' C. This procedure yielded the maximum number of Igpositive cells. Lymphocytes with temperature-labile Ig determinants were calculated by subtracting cells with Sm Ig from the maximum number observed. All sera used were examined for antilymphocyte antibodies with a sensitive two-step microcytotoxicity procedure (12) and none were detected. All sera were centrifuged at 140,000 g for 2 h to remove large aggregates. Conjugated antisera were diluted 1: 5 and the top third of the centrifuged material was used to stain lymphocytes.
Lymphocytes counted had scanty cytoplasm and a diameter no more than two thirds that of typical monocytes, which were easily recognized by phase contrast microscopy. Quantitation of E-rosette anzd EAC RFC. The procedure used to detect E-RFC was described previously (1) . Tubes containing a sheep red blood cell (SRBC) -to-lymphocyte ratio of 50 to 1 were read after incubation overnight. Lymphocytes with three or more adherent SRBC were considered positive.
The method of Shevach et al. (15) was used to quantitate lymphocytes with the receptor for C3. Sheep erythrocytes were sensitized with an optimal concentration of rabbit IgM antibody to SRBC (usually 1: 2,000). After exposure to fresh mouse serum, the sensitized erythrocytes (EAC) were mixed with lymphocytes in a ratio of 25 to 1 and incubated at 370C for 30 min. Wet mounts with cover slips compressed tightly were examined by phase contrast optics with a 100 X objective, and three or more EAC adhering to a lymphocyte were considered positive. Mononuclear cells in these studies had been exposed to latex particles, and all phagocytic cells were excluded from counts.
Exposure of lymnphocytes to proteolytic cnzX7ymes. Lym (16) .
[3H]thymidine incorporation was measured after a 3-day culture period. Fractionation of lymphocyte populations by velocity sedimentation at unit gravity. Lymphocytes were separated primarily on the basis of size with a unit gravity velocity sedimentation apparatus obtained from Johns Scientific, Toronto, Canada. The procedure of Miller and Phillips (17) was followed. 108 mononuclear cells were loaded into the small chamber (SP-180) and the cells were allowed to sediment for 4 h in 100 ml of nonlinear 0.3% bovine serum albumin-phosphate-buffered saline gradient at 240 C. 15 9 .5%, range 3-16%).
will be defined as B cells and those with membranelabile IgG as L cells. A correlation between these two cell populations was not observed, (r = 0.07). Table I summarizes studies from five normal lymphocyte donors. Lymphocytes were first incubated and washed at 37°C to remove surface-labile serum proteins and were stained with a polyvalent conjugate. All subjects had normal numbers of lymphocytes with membrane-stable Ig determinants (6-15%) (step 1, Table I ). When separate aliquots were incubated in fresh or heatinactivated NHS at 4°C, an additional 9-31% became Ig-positive (step 2, Table I ). As before (1), studies with class-specific antisera indicated binding of serum IgG. The subject (R. G.) with the 31% increase in cells with the cold-reactive receptor for IgG was a 28-yr-old white male nephrologist-in-training who had been in close contact with severely ill patients.
Examination of lymphocytes after staining at 4°C with anti-IgG indicated a uniform punctate staining pattern. When the cells were warmed to 37°C for 5-10 min, however, most of the membrane fluorescence was observed at one pole of the cell. After 30 min in the warm, the number of IgG-positive cells dropped sharply (step 3a, Table I ). This decrease was not prevented by sodium azide. Sodium azide, however, blocked the elution of membrane-bound IgG-anti-IgG complexes at 370C. This agent is an inhibitor of aerobic energy production and blocks the capping and shedding, or endocytosis, of ligand-receptor complexes (18) . The sharp decrease in IgG-positive cells at 37°C in medium containing azide cannot then be explained by shedding. A more likely explanation is that the binding of IgG to the surface is much stronger in the cold, a known characteristic of cytophilic Ig (2) .
To characterize the cold-reactive receptor for IgG further, the following studies were first conducted with lymphocytes from P. L., a subject previously found to have abnormally high numbers of these cells (1) (Table II) . The cold-reactive receptor specifically bound IgG. The binding threshold of IgG was 10 g/ml, with a plateau effect noted at higher concentrations. Guinea pig IgG also bound to the receptor, although the threshold concentration was 10-fold higher than for human IgG. Heating Step 2 followed by a second incubation at 370C for 30 min at 370C
and washing twice with warm medium 11.0 (7-14) 10.1 (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) 3b Binding of IgG antiIgG
Step (Tables II and III) . IgG was fractionated by agarose chromatography. Monomeric IgG isolated in the descending portion of the second peak did not fix complement, and did not bind to lymphocytes (Table III) (Table IV) . When enzyme-treated cells (Table IV) . were fractionated by unit-gravity sedimentation, a procedure that separate cells chiefly according to size (17) . Fig. 2 (21, 8) . (c) The bond between IgG and the surface membrane was stabilized by the formation of an IgG-antiIgG complex (24) . (d) With the formation of an IgG-anti-IgG complex on the cell membrane, capping occurred after incubation at 37°C (22) . (e) The receptor was resistant to trypsin (22, 25) , but was removed by pronase (22, 26 (33) . These investigators did not find Fc receptors on B cells (37) , an observation that conflicts with other reports (8, 22 Greenberg and co-wvorkers have described large mononuclear mouse cells with a receptor for the Fc fragment of IgG, and suggested that these cells are nonphagocytic monocytes, because the two cell types have similar size, adherence properties, and binding avidity for immunoglobulin subclasses (39) . The lymphocytes with memllbrane-labile Ig deternminants described in the present experiments share certain characteristics of the mouse cells described by Greenberg et al. Both cell types are larger than most lymphocytes and lack T and B cell markers. The essential difference is that our human cells were nonadherent, whereas mouse cells were adherent. This may be a species-specific characteristic of cells with similar function, since previous studies from this laboratory indicated that human promonocytes were nonadherent (40) . A second possible difference is that monocytes have a receptor for C3, whereas the cells with membrane-labile Ig determinants do not have this receptor. Greenberg did not examine cells for this receptor.
A function of L cells can be suggested. The mononuclear cells vith Fc receptors described by the Norwegian (33, 41, 42) and British investigators (39) are effector cells in antibody-mediated lymphocyte cytotoxicity. It is likely that the lymphocytes described in the present report are similar effector cells.
